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SUMMARY 
- An investigation was made in the Langley high-speed 7- by 10-foot 
board 43-percent-span flap. The wing had an aspect ratio of 4, a taper 
tunnel  to  determine  the  hinge-moment and control-effectiveness  character- 
istics  of a tapered, 35O sweptback,  semispan wing equipped  with an out- 
ratio  of 0.6, an NACA 65~006 airfoil  section  parallel  to  the  free  stream, 
and was  tested  through a Mach  number  range 0f.0.60 to 1.10. 
The  hinge-moment  parameters  Ch6 and C& were  negative  throughout 
the  speed  range and showed a large  negative  increase in  the  speed  range 
from a Mach  number of approximately 0.90 to a Mach number of 1.00. There 
was a pronounced  decrease in the  control-effectiveness  parameters in t he  
h c h  number  range f rom about 0.80 to 1.00. 
INTRODUCTION 
A transonic  research  program was established  by  the  National  Advisorg 
Committee  for  Aeronautics  whereby a series  of  wing-body  configurations 
having  wing  plan form  as  the  chief  geometric  variable were investigated. 
As part of this  program a wing  having 35' sweepback of the  quarter  chord 
line  was  tested in the  Langley  high-speed 7- by 10-foot tunnel with and 
without trailing-edge flaps (refs. 1 and 2). 
The primary purpose of the  present  investigation  was to obtain 
experimental  hinge-moment  data for a flap-type  control  at  transonic - 
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speeds. A 43-percent-span  outboard f lap type   cont ro l  having a 22-percent- 4 
flap-chord overhang nose balance was tes ted  on a wing geometrically 
similar to   but   s l ight ly   larger   than  the wing used i n  references l a n d  2. 
In addition  to  the  hinge moments, the lift, rolling-moment, and pitching- " 
moment character is t ics  of the wing-control configuration were determined. 
Results are given f o r  a range of flap deflect ions at  an les of attack 
from - 6 O  to 16O and through a Mach number range from 0. 2 t o  1 .lo. 
ch 
H 
CL 
M' 
CZ 
Cm 
9 
S 
b 
- 
C 
C 
C f  
B 
P 
V 
COEFFICIENTS AMD SmOLS 
flap hinge-moment coefficient , H/q2M f 
f l a p  hinge moment measured about hinge line, ft-lb 
lift coefficient,  Twice lift of semispan model/qS 
area moment of the f l a p  back of the hinge line, 0.000380 f t 3  
rolling-moment coefficient at plane of symmetry, Rolling 
moment  of semispan model/qSb 
pitching-moment coefficient referred t o  0.2%, Twice pitching 
effect ive dynamic pressure  aver  span of model, - '92, lb/sq f t  
twice w i n g  area of semispan model, 0.250 sq f t  
twice span of semispan model, 1.000 f t  
moment  of semispan model/qSE 
mean aerodynamic chord of", 0.255 f t ,  based on relation- 
ship Jb'2 C2dy (using t heo re t i ca l   t i p )  
loca l  w i n g  chord, ft 
flap chord, f t  
spanwise distance from plane of symmetry, f t  
mass density of air, slugs/cu f t  
free-stream air velocity, ft/sec 
c 
5 .  
M effect ive Mach number over  span of model, 
1 
Ma average  chordwise local Mach number 
MZ l oca l  Hach  number 
A aspect r a t i o ,  2 S 
R Reynolds number of wing based on 5 
I 
3 
a angle  of attack, deg 
6 control-surface  d flection, measured i n  a plane  p rpendicular 
to control-surface hinge Xine, posit ive when control-surface 
t r a i l i n g  edge i s  below wing-chord plane, deg 
x taper r a t i o  (Tip chord/Root  chord) I 
The subscript outside the parentheses indicates the factor held 
constant during the measurement of the parameters. 
MODEL AND APPARATUS 
The steel semispan wing had 3f0 sweepback of the quarter chord line, 
M an aspect   ra t io  of 4, a taper  r a t i o  of 0.6, and a n  NACA 65~006 a i r f o i l  
section measured parallel t o  the  f ree  stream. A drawing of the wing 
giving pertinent dimensions and data is  shown i n  figure 1. 
i- 
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The wing was equipped with a trail ing-edge  f laptype  control hinged 
at the 0.70 chord l i ne .  The f l a p  was constructed by glueing spruce t o  a 
steel spar and was mass-balanced by a lead overhang nose balance. The 
nose balance, e l l i p t i c a l  i n  shape, was 22 percent of the  f l a p  chord and 
i ts  s ize  w a s  determined primarily because of the necessity of mass 
balancing the flap t o  a l lev ia te  the poss ib i l i ty  of coupled wing-flap 
f l u t t e r .  The f l a p  was located a t   t h e  outboard portion of the w i n g  and 
had a span equal t o  0.43 wing semispan. The f l a p  was hinged t o  the wing 
with a hinge pin at the wing t i p  and a hinge rod passing through the 
wing along the 70-percent chord l i n e  to   the  chamber w i t h i n  the bump. 
The gap between the wing and f l a p  was about 0.05 f l a p  chord (O.Olsc), and 
was left unsealed for these tests. Flap hinge moments  were neasured by 
a calibrated bearn-tlype e l ec t r i c   s t r a in  gage fastened rigidly t o  t h e  hinge 
rod below the bump surface. 
The model was mounted on an electrical strain-gage balance and t he  
aerodynamic forces and moments were recorded by means of calibrated 
potentiometers. The balance was mounted i n  a sealed chamber within the 
bump.  The  model butt passed through a hole in the turntable i n  the  bump 
surface. Leakage through this  hole  was kept t o  a minimum by the use of 
a sponge-wiper seal fastened t o  the undersurface of the bump turntable. 
TESTS 
The tests were made i n  the Langley high-speed 7- by l0-foot  tunnel 
by u t i l i z ing  the  transonic-bump technique. T h i s  technique involved the 
mounting of the model i n  the high-velocity flow field generated over the 
curved surface of a bump located on the tunnel floor. 
Typical contours of l oca l  Mach number in the vicinity of the model 
location on the bump, obtained with no model i n  position, are shown i n  
figure 2. The effect ive Mach number over the wing semispan was generally 
slightly higher than the effective Mach number over that   por t ion of the 
wing where the  f l ap  was located. The long dashed line shown near the 
root chord indicates a loca l  Mach number tha t  i s  5 percent below the 
maximum value and represents the extent of the boundaq layer. The 
e f f ec t ive   t e s t  Mach numbers were obtained from contour charts similar 
to those of figure 2 by using the relationship 
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The var ia t ion of Reynolds number with Mach number f o r   t y p i c a l  test 
conditions is  presented i n  f i g u r e  3. The Reynolds numbers wre based on 
a mean aeroQmamic chord of 0.255 foot. L i f t ,  ro l l ing  momnt, pitching 
moment, and hinge moment w e r e  obtained throTh a Mach number range of 
0.60 t o  1.10, an angle-of-attack range of -6 t o  16O, and f o r  a range of 
f lap  def lect ions which varied from about 22k0 a t  the low Hach numbers t o  
5 2 0  at the higher Mach nlzmbers. 
CORRECTIONS 
No corrections have been appl ied to  the data f o r  t h e  chordwise and ' 
spanwise velocity gradients o r  fo r   d i s to r t ion  of the wing due t o  air 
loads, but these corrections are believed to be small. Flap deflections 
have been corrected for twisting of the long hinge rod of smal diameter 
between the hinge-moment strain gage and the f lap.  (See f ig .  1. ) Flap- 
deflection  corrections were determined from a static hinge-moment C a l i -  
bration and applied according to the measured tes t  hinge moment. This 
correction was large and f o r  the extreme loading condition was about 
appl ied  f lapdeflect ion  correct ion,   the  final flap  def lect ions are 
bel ieved  to  be rel iable   s ince  care  was taken not t o  exceed the proportional 
very w e l l  with previously published data on a similar configuration 
having a comparatively' r ig id   f lap .  
- 65 percent of the  original f lap  set t ing.   Despi te   the  large d u e s  of 
fl  limit of the  hinge rod,  and the  control-effectiveness  parameters compare 
No reflection-plane corrections havenbeen applied t o  the  data f o r  
the rolling-moment coefficient  against  6 but Cz6 given i n  this paper 
has been corrected by the reflection-plane correction factor given i n  
reference 2. T h i s  correction was obtained from unpublished experimental 
corrections obtained a t  low speed (M = 0.25) and theoretical considera- 
t ions.  Although the corrections are based on incompmssible conditions 
and are only v a l i d   f o r  low Mach numbers, they w e r e  applied throughout the 
Mach number range i n  order  to  give a better  representation of true condi- 
t ions than would be shown by the uncorrected data. For the configuration 
of the  present  investigation the correction was applied as follows: 
The lift and pitching-moment data represent the aerodynamic effects 
that would be obtained on a complete wing with both control surfaces 
def lec ted   in  the same direct ion and therefore no reflection-plane correc- 
t ions are necessary. 1 
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RESULTS AND DISCUSSION 
Presentation of Data 
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The variation of Ch with f lap def lect ion f o r  the various angles 
of attack is presented through the Mach  number range iqf igure 4. The 
plot of Ch against a f o r  6 = Oo i s  given fo r   t he  test Mach numbers 
in  f igure  5. The variations of the aerodynamic coefficients CL, Cz, 
and C, with f lap  def lec t ion  f o r  the test  angles of a t tack are  pre- 
sented f o r  the various PIach numbers as figures 6, 7, and 8, respectively. 
The e f fec t  of Mach number on the hinge-moment parameters Ch6 and C& 
is given i n  figure 9. Figure 10 shows the variation of C L ~ ,  Czd, and 
Cw with Mach number and compares these results with s imilar  resul ts  
from .reference .2 .  
Hinge-Moment Characterist ics 
The variation of hinge-moment coefficient with flap deflection i s  
shown i n  f igure  bo The slope of Ch with 6 is negative  for all t e s t  
conditions except for high negative deflections a t  angles of attack 
greater than 8O i n   t h e  Mach number range from 0.80 to 0.95 where the 
slope became marginal or i n  some cases positive. Increasing the b c h  
number above M = 0.95 eliminated this slope reversal. 
A plot  o f  hinge-moment coefficient agafnst angle of a t t a c k   a t  
6 = 00 i s  presented i n  f i g u r e  5. No test data points were plotted on 
t h i s  figure since, because of the hinge-rod-deflection correction, it 
was necessary t o  crossplot the data to obtain values of Ch a t  6 = 00. 
The curve for Ch against a at 6 = 00 is l inear  over a range of  
angle of attack of 26' from M = 0.6 to M = 0.95 and becomes l i nea r  
over a larger angle-of-attack range.- the-Mach number is. increased 
above M = 0.95, 
The ef fac t  of Mach number on the hinge-moment parameters Ch6 and 
Cha is  shown i n  figure 9. The parameter ch6 w a s  measured a t  a = Oo 
over a 6 range of a t  l e a s t  2 6 O  where the curves. were l inear.  The value 
of chg i s  negatfvs throughout the Mach number range and does not vary 
with Mach  number from M = 0.6 t o  M = 0.8. Above M = 0.8 there i s  a 
I&ge increase in control heaviness until supersonic Mach numbers are 
reached where the values of Ns are roughly 2.5 times t h e  subsonic 
values. This variation of Ch6 with Mach  number i s  i n  agreement with 
the results for   the  f ull-span f laps  of references .3 and 4 .  and the 50- 
percent-span outboard flap (trailing-edge angle of 7.8O) of reference 5. . 
c 
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The  hinge-moment parameter Cha was measured a t  6 = 0' over an 
a range of a t  least 26' where the curves were linear and was negative 
throughout  the Hach  number range. The parameter C& became less nega- 
tive with Mach number up to M = 0.9 and then rapidly increased nega- 
tively until supersonic Mach numbers were reached where the values of 
Cha were roughly three t h e s  the subsonic values. T h i s  moderate 
decrease i n  negative floating tendency with PIach number up t o  M = 0.9 
is  in good agreement with results obtained on a full-span, radius-nose 
f lap  a t  h igher  Reynolds numbers presented i n  reference 6. The general 
variation of C b  with Mach number agrees fairly well with references 3 
t o  5. 
L i f t ,  Rolling-Moment, and Pitching-Moment Characterist ics 
The variation of lift, rolling-moment, and pitching-moment coeffi- - 
cient   with  f lap  def lect ion f o r  the angle of attack and Mach number ranges 
tes ted  i s  presented i n  figures 6, 7, and 8, respectively. The e f fec t  of 
Plach  number on the  control-effectiveness parameters C L ~ ,  Cz6 and C ms 
i s  shown i n  f i g u r e  10. These parameters were measured a t  a = Oo over 
a deflection range of a t  least 28' where the curves w e r e  linear and are 
compared with the results of reference 2 which contains data on a f lap  
the present inyestigation. The f l a p  of reference 2, however, was 
deflected by bending about  the  hinge  line and therefore had no overhang 
nose o r  gap. The present investigation i s  a lso  at a slightly higher 
Reynolds number mainly because of an increase i n  model size.  
d of the same span and chord on a w i n g  of the s-ame plan form as the one f o r  
The f l a p  was e f f e c t i v e  i n  producing  changes i n  CL, Cz, and C, 
except i n  the  high positive angle-of-attack range from PI = 0.7 t o  Pl = 0.95 
when a negative increase i n   f l a p   d e f l e c t i o n  above about -20° r e s u l t e d   i n  
a decrease i n  effectiveness. A t  Mach numbers above M = 0.95 t he  f l ap  
w a s  e f f ec t ive  in  producing  increments i n  CL, C Z, and Cm throughout  the 
a and 6 range  investigated. 
A marked decrease in C L ~  and C z 6  occurred &tween Mach numbers 
of approximately 0.80 and 1.00 and a relat ively smaller decrease i n  
negative values of Cms occurred i n  about the same Mach number range 
(f ig .  10). These resu l t s  ( f ig .  10) compare very favorably with those of 
reference 2. The parameters f o r  the present . invest igat ion are  s l ight ly  
l e s s  i n  magnitude throughout the Mach number range. This decrease i n  
flap effectiveness agrees with results obtained a t  low speed (M = 0.09) 
i n  references 7 and 8 where a f l a p  having an e l l i p t i c a l  0.35cf over- 
sea led   f lap  having the same f l a p  chord. 
. hang nose  and an unsealed gap gave lower flap  effec+iveness  than a plain 
0 
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The r e su l t s  of the investigation of a tapered, 35’ sweptback, 
semispan wing equipped with an outboard 43-percent-sparflap-type control 
surface having a 22-percent-flap-chord overhang nose balance indicated 
the following conclusions: 
1. The  hinge-moment parameters Ch6 and Cha were negative 
throughout the speed range and had a large negative increase i n  t h e  Mach 
number range from approximately 0.90 t o  1.00. 
2. The control was effect ive i n  producing increments i n  lift, 
ro l l ing  moment, and pitching moment f o r  all t e s t  conditions except Fn 
the high positive angle-of-attack range from a Mach number of 0.7 t o  a 
Mach number of 0.95, when a negative increase in f lap  def lect ion above 
about -20’ did not give any increase in effectiveness. The effectiveness 
of the  control showed a marked decrease in  the Mach number range f r o m  
a p p r d t e l y  0.80 t o  1.00. 
Langley Aeronautical Laboratory 
National Advisory Committee f o r  Aeronautics 
Langley Field, Va. 
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Figure 1.- General arrangement of the model used during the present 
investigation. A l l  dlmeneions are In hches .  
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Figure 2.- Typical Mach number contours over transonic blanp in region 
of model locstion. 
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Figure 3 . -  T y p i c a l  variation of Reynolds number with Mach nuniber t h r o w  
the transonic speed range. 
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c Figure 4.- Variation of hinge-moment coefficient w i t h  control deflection 
for various angles of attack. 
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Figure 4.- Continued. 
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(e) M = 0.9. 
Figure 4.- Continued. . 
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Figure 4. - Concluded. 
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(EL) M = 0.60. 
Figure 6.- Variation of lift coefficient with control deflection f o r  
various angles of attack. 
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Figure 6 . -  Continued. 
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Figure 7. - Continued. 
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